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© Coherent optical multichannel receiver. 

® A coherent optical multichannel receiver includes 
a frequency down-conversion stage (10) having a 
laser local oscillator (12) for producing an IF signal 
which is applied to two frequency detection paths 
(26,28), the outputs from which are subtracted in a 
subtracter (30) to provide a data signal. AFC signal 
producing means (18,34) are also connected to the 
subtractor (30). In order to avoid a false lock occur- 
ring when the receiver is out-of-lock, detection 
means are provided for detecting an out-of-lock situ- 
ation. The detection means is coupled either to a 
bandpass filter (36 or 38) to alter a property of the 
bandpass filter when the receiver is out-of-lock so 
that the subtractor (30) provides a positive output 
which is used to offset the frequency detection char- 
acteristic so that it has a single positive zero cross- 
ing or to an offset voltage input V 0TS in the AFC loop. 
The offset is removed automatically when the re- 
ceiver returns to a lock situation. 
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The present invention relates to a coherent 
optical multichannel (CMC) receiver and particu- 
larly to channel selection in CMC receivers. 

CMC systems are known per se and one such 
system is described by P. wT'Hooijmans, M. T. 
Tomesen and P. P. G. Mols, n A coherent multi- 
bitrate multichannel system for simultaneous trans- 
mission of 140 Mb/s TV and 560 Mb/s HDTV 
signals" Proceedings of 16th European Conference 
on Optical Communication (ECOC), Amsterdam, 
1990, paper WeG2.2. CMC systems make use of 
tunable lasers for selection of one of the many 
transmitter optical frequency division multiplexed 
(FDM) channels- The principle is essentially the 
same as the currently broadcast TV signals. In a 
CMC receiver the wavelength/frequency accuracy 
of the lasers used as local oscillators is one of the 
most critical features in these systems. Under ideal 
circumstances, this accuracy is of the order of 
several hundreds of MHz. The channel selection 
preset accuracy of the intermediate frequency (IF), 
that is, the frequency difference of the optical fre- 
quencies of the received signal and local oscillator, 
is therefore of the same order. 

Another critical feature associated with channel 
selection in a CMC receiver is the phenomenon of 
false locks. This will be described further with 
reference Figures 1 parts A and B, 2 and 3 of the 
accompanying drawings which show respectively a 
known FSK dual filter CMC-receiver, the pass 
bands of the dual filters, the automatic frequency 
control (AFC) frequency detection characteristic for 
an unmodulated carrier signal with the automatic 
gain control (AGC) off and the AFC/frequency de- 
tection characteristic for a modulated FSK signal 
with the AGC on. The CMC receiver shown in part 
A of Figure 1 comprises an optical mixer 10 for 
frequency down-converting a received FSK signal 
having a bit rate of 140Mb/s and a frequency 
deviation between the tones of 1200 MHz. A dis- 
tributed feedback laser local oscillator 12 is con- 
nected to the mixer 10. The laser local oscillator 12 
is tuned by a control current applied to its input 14. 
The control current comprises an AFC signal 
formed by a combination of a channel selection 
preset tuning current applied to a terminal 16 which 
is summed in a summer 18 with a current derived 
from a data output 20 of the receiver. 

The IF signal derived from the mixer 10 is 
applied to a gain control amplifier 22 having a 
control input 24. The gain stabilised IF signal is 
then applied to two frequency detection paths 
26,28 whose outputs are connected to a subtrac- 
ting stage 30, the output of which forms the data 
output 20. An AGC signal is derived by connecting 
a baseband peak detector 32 to the output 20. The 
output of the peak detector 32 is connected to the 
control input 24. The low frequency and dc compo- 



nents present in the data output signal are supplied 
to an integrator 34 which has a second input for a 
dc offset voltage V ots . The purpose of the offset 
voltage will be discussed later. 

5 The frequency detection paths 26,28 comprise 

bandpass filters 36,38 and square law detectors 
40,42, respectively. The filters 36,38 have pass 
bands fO.f 1 , respectively, centered on different fre- 
quencies as shown in part B of Figure 1 . The width 

w of the passbands is the same. At any one time, the 
modulated signal will have only one of the two 
tones and accordingly only one of the detection 
paths will be active and providing an output to the 
subtracting stage 30. However when there is no 

75 modulation the outputs of both paths will be sub- 
stantially equal amounts of noise which will be 
cancelled by the subtractor 30. 

When the receiver has to select a channel, the 
AFC loop is interrupted and the local oscillator 

20 tuning current is preset to the required value, which 
value is stored within a memory (not shown). The 
channel selector (not shown) initiates a small fre- 
quency sweep of the local oscillator around the 
preset value. The AGC voltage will detect the pres- 

25 ence of an IF signal whereafter the frequency con- 
trol will be taken over by the AFC. 

The frequency detection characteristic shown 
in Figure 2 is mirrored about the f = 0 axis due to 
the fact that the local oscillator 12 can be both at 

30 the left and right side of the received signal. It is 
desirable for the filters 36,38 to have identical 
transfer and noise characteristics. The frequency 
detection characteristic shown in Figure 2 is used 
both for demodulation, that is IF-to-baseband con- 

35 version, and AFC. Referring now to Figure 3, stable 
AFC locks can only occur in zero crossings of the 
detector characteristic under modulation with a 
positive slope. However with a small negative offset 
in the AFC loop it is possible to obtain a second 

40 stable zero at f FL (Figure 2), while only one lock at 
fi F is allowed. In practice these two frequencies 
may be several GHz apart. However under oper- 
ational conditions it is very difficult to determine if 
the receiver is locked at the required frequency. 

45 In the circuit shown in part A of Figure 1 it will 

be assumed that in the absence of IF, the AGC will 
cause the amplifier 22 to give maximum IF am- 
plification. In this situation noise within the band- 
widths of both IF filters 36,38 will be detected as 

so squared IF (or N x N) noise by the frequency 
detector. If both filters 36,38 have identical char- 
acteristics, both detected outputs will be equal and 
hence give a zero output after subtraction. As a 
result the AFC will have no input which may cause 

55 the local oscillator to drift so that the receiver is 
possibly tuned to a false lock. 

One method for avoiding false locks is to in- 
crease V ofe so that a detector characteristic of the 
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type shown in Figure 3 is obtained. Since there is 
only one positive slope zero crossing, false locks 
are avoided. However the effect of increasing V ofs 
is to shift the zero crossing point from f tF to f*| F . 
This shift in the frequency of the zero crossing is 
undesirable because it could lead to errors in the 
data being detected. 

An object of the present invention is to avoid 
the risk of false locks in a manner which does not 
increase the likelihood of errors in the detected 
data. 

According to one aspect of the present inven- 
tion there is provided a method of channel selec- 
tion in a coherent optical multichannel receiver in 
which when the receiver is out-of-lock its frequency 
detection characteristic is automatically offset so 
that it has only a single zero crossing in the de- 
sired direction and when it is in lock the offset is 
removed automatically. 

According to another aspect of the present 
invention there is provided a coherent optical mul- 
tichannel (CMC) receiver comprising a frequency 
detection circuit, characterised in that means are 
provided which are responsive to the detection of 
an out-of-lock situation for automatically offsetting 
the frequency detection characteristic of the re- 
ceiver so that it has only a single zero crossing in 
the desired direction and for automatically remov- 
ing the offset when said out-of-lock situation is not 
present. 

By means of the method in accordance with 
the present invention, it is possible for a CMC 
receiver to have a minimal required preset accu- 
racy of the LO laser. Also by offsetting the fre- 
quency detection characteristic, false locks are not 
possible. Also the change-over from a lock to an 
out-of-lock situation and vice versa can be made to 
occur smoothly so that the generation of transients 
is avoided. 

In accordance with the present invention, these 
requirements can be met by altering the frequency 
detection characteristic in the out-of-lock situation 
from what it is in the in-lock situation. This may be 
done in several ways for example decreasing or 
increasing the bandwidth of one or other of the 
bandpass filters in the frequency detection circuits 
or reducing or increasing the amplification of one 
or other of these bandpass filters. By any one of 
these measures, in the out-of-lock situation, the 
noise produced by one of the filters will be different 
from that produced by the other of the filters, this 
difference being such as to produce a positive 
control input. In lock the filters revert to their nor- 
mal, substantially identical bandwidths and gains. 
Alternatively when out-of-lock the offset voltage V ofs 
may be switched to a value which gives a fre- 
quency detection characteristic with only one zero 
crossing. 



The present invention also relates to a coher- 
ent optical multichannel receiver comprising a fre- 
quency down-converter including a local oscillator 
comprising a laser for frequency down-converting a 
5 FSK signal to a respective one of two IF signals, 
first and second signal detection paths coupled to 
the output of the frequency down-converter, sub- 
tracting means having inputs connected to outputs 
of the respective detection paths, each signal de- 
10 tection path including a bandpass filter and a 
square-law detector, an output of the subtracting 
means being connected to data demodulating 
means and to an automatic frequency control 
(AFC) means for controlling the frequency of the 
rs local oscillator, characterised in that the AFC 
means includes means to detect the absence of an 
IF signal, means responsive to the detection of the 
absence of an IF signal for altering a property of 
one of the bandpass filters in the signal detection 
20 paths so that when the receiver is out-of-lock a 
non-zero output is produced by the subtracting 
means, which non-zero output is used to offset 
positively the AFC characteristic so that it has one 
zero crossing, said means also being responsive to 
25 the presence of an IF signal for removing the 
alteration made to the property of the one of the 
bandpass filters. 

The present invention will now be explained 
and described, by way of example, with reference 
30 to Figures 4 to 9 of the accompanying drawings. In 
the drawings: 

Figure 1, part A is a block schematic diagram of 
a known type of CMC receiver, 
Figure 1 , part B shows the characteristics of the 
35 two bandpass filters used in part A of Figure 1, 
Figure 2 illustrates an AFC frequency detection 
characteristic for an unmodulated carrier with 
the AGC off, 

Figure 3 illustrates an AFC frequency detection 
40 characteristic for a modulated FSK signal with 
the AGC on, 

Figure 4, part A illustrates one embodiment for 
effecting bandwidth reduction of a bandpass fil- 
ter, 

45 Figure 4, part B illustrates in full lines the normal 
bandwidths of the two filters and in broken lines 
the reduced bandwidth of one of the two filters, 
Figure 5 illustrates in diagram A the offset AFC 
frequency detection characteristic, in diagram B 

so the AGC characteristic and in diagram C the 
direction of AFC control, 

Figure 6, part A illustrates one embodiment for 
effecting a bandwidth increase of a bandpass 
filter, 

55 Figure 6, part B illustrates in full lines the normal 
bandwidths of the two filters and in broken lines 
the increased bandwidth of one of the two filters, 
Figure 7 is a block schematic diagram of a 
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portion of a CMC receiver having IF amplifica- 
tion control applied to the bandpass filters, 
Figure 8 shows filter characteristics of which one 
is subject to asymmetrical amplitude control, 
and 

Figure 9 shows one method by which a control 
signal for altering the characteristic of one of the 
filters can be derived using both AFC and AGC 
voltages. 

In the drawings the same reference numerals 
have been used to illustrate corresponding fea- 
tures. 

A CMC receiver made in accordance with the 
present invention will generally be of the same 
construction as that shown in part A of Figure 1 but 
various features have been altered in order to auto- 
matically offset the frequency detection character- 
istic when the receiver is out-of-lock. Embodiments 
will be described whereby on detection of out-of- 
lock a property of one of the bandpass filters 36,38 
is changed to provide the offset voltage. In the 
interests of brevity the description of the overall 
receiver architecture will not be repeated. 

Figure 4 parts A and B illustrate an embodi- 
ment in which the bandwidth of the filter 36 is 
narrowed. The filter 36 is essentially an RC filter 
and comprises an amplifier 44 having an input for 
an IF signal and an output coupled to a series 
capacitor 46 having a value of 1 pF. A varicap 
device 48 is connected between the series capaci- 
tor 46 and the input to another amplifier 50. A 
resistor 52 is coupled to a junction of the capacitor 
46 and the varicap device 48, a d.c. control voltage 
V sw is applied to the resistor 52 in order to change 
the value of capacitance due to the varicap device 
48 from say 20 pF for a V sw equal to OV to say 1 
pF for a V sw equal to 20V. Another resistor 54 is 
connected between ground and a junction of the 
varicap 48 and the input to the amplifier 50. 

The control voltage can be derived from 
the AGC voltage using a Schmitt trigger circuit (not 
shown). The threshold value of the Schmitt trigger 
should be set at a value that is not attained under 
normal conditions. Thus when the AGC voltage 
exceeds the threshold value then the control volt- 
age V sw increases rapidly. 

By altering V sw between 0V and 20V a variation 
of between about 1 pF and 0.5 pF can be achieved 
and as shown in part B of Figure 4 the lower 
frequency part of the fO frequency band is lost by 
switching V sw to 20V. 

Figure 5 shows in diagram A the AFC char- 
acteristic which is similar to that shown in Figure 3. 
The AGC characteristic, diagram B, shows the AGC 
voltage threshold V™ in broken lines. Diagram C 
shows the direction of AFC control, thus if the 
frequency is less than -f IF the AFC causes the 
receiver to lock onto the adjacent channel. How- 



ever if the frequency is greater than -f| F but less 
than -f lF of the adjacent, higher frequency channel 
then the receiver will lock onto f tF . As a result false 
locks are avoided. 

5 Figure 6 parts A and B show a variant of the 

arrangement shown in Figure 4 parts A and B. In 
part B of Figure 6 the bandwidth f1 of the filter 38 
is increased in the out-of-lock situation. Referring to 
part A of Figure 6, the bandpass filter 38 comprises 

io an input amplifier 44 whose output is coupled by a 
series capacitor 46 to an output amplifier 50. A 
shunt R-C circuit is connected to the signal path 
between the capacitor 46 and the output amplifier 
50. The shunt circuit comprises a fixed value ca- 
rs pacitor 56 connected in series with a varicap de- 
vice 58, and a resistor 52 connected between an 
input for a dc control voltage V sw and a junction 60 
between the capacitor 56 and the varicap device 
58. A resistor 54 is connected in parallel with the 

20 capacitor 56 and the varicap device 58. In lock the 
capacitance of the varicap device is high but out- 
of-lock its capacitance is low. An advantage of 
increasing the bandwidth (Figure 6 part B) over 
decreasing the bandwidth (Figure 4 part B) is that 

25 the lock bandwidth becomes greater. 

Figure 7 shows an embodiment of the invention 
in which the AGC is used to alter the amplification 
of one of the bandpass filters 36,38. In this embodi- 
ment it is the gain of the bandpass filter 38 which 

30 is altered so that it is greater when out-of-lock, as 
shown in broken lines in Figure 8. As AGC is 
applied to both the bandpass filters 36,38, the IF 
amplifier 122 is not gain controlled as in Figure 1. 
In order to prevent the gain of the bandpass 

35 filter 36 from following that of the filter 38 in the 
out-of-lock situation, a voltage limiter, for example a 
zener diode 70, is used to limit the gain control 
voltage and thus the amplification of the filter 36 
and thereby provide unequal inputs to the subtrac- 

40 ting stage 30. 

Figure 9 illustrates another method by which a 
switch control voltage V sw can be derived in the 
out-of-lock situation. This method makes use of 
both the AGC and AFC voltages, V AGC and V AFC , 

45 respectively, when deriving V^. An out-of-lock con- 
dition is detected using a comparator 72 in which 
the AGC voltage, V AGC , is compared with a thresh- 
old voltage, V™ (see diagram B in Figure 5), and a 
high output is produced when V AGC is greater than 

so V™. In another comparator 74, the AFC voltage, 
V A fc» is compared with a zero volt level 0V, and its 
output goes high when V AG c is greater than 0V. An 
AND gate 76 is provided having inputs connected 
to the comparators 72,74. When both inputs are 

55 high, then an output is produced which is applied 
to the varicap device 48 (Figure 4 part A and 
Figure 6 part A) or to some other suitable means 
for altering the bandwidth or gain of one of the 
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bandpass filters 36,38. 

In a non-illustrated embodiment of the inven- 
tion the bandwidths and gains of the filters 36,38 
remain constant and the offset of the frequency 
detection characteristic is achieved by varying V o1s 
(Figure 1 part A) when the AGC voltage exceeds a 
threshold or an output is produced by the AND 
gate 76 (Figure 9). 

The method in accordance with the present 
invention has several important advantages over 
that disclosed with reference to Figure 1 parts A 
and B. First of all it features distinctly different 
behaviour in lock and out-of-lock conditions. The 
detection characteristic has only one zero-crossing, 
so false locks are not possible. The lock frequency 
is exactly at the required IF frequency. The 
change-over from out-of-lock to lock is smooth 
because as soon as the IF signal falls within the IF 
bandwidth the AGC voltage drops and the IF char- 
acteristics switches back to normal. The influence 
of the NxN noise (which was used for out-of-lock 
control) becomes negligible as the IF power in- 
creases. Finally the out-of-lock control can be 
made as sensitive as required by adjusting the 
maximum IF amplification and bandwidth reduction. 

The required preset accuracy of the receiver is 
minimal. By placing the preset value of the IF 
between two channels one obtains pull-in to the left 
channel due to the positive out-of-lock control volt- 
age. To give a numerical example: the CMC sys- 
tem has a channel separation of 10 GHz, while the 
frequency detection zeros are at about 1.2 GHz. If 
the preset value is made + 3.8 GHz the LO will be 
pulled to the zero at 1.2 GHz by the positive 
control voltage. Only when the preset value is more 
than 5 GHz to the right ( + 8.8 GHz is identical to 
the negative zero crossing at -1.2 GHz) the LO will 
be pulled to the channel at the right. Only for a 
negative preset inaccuracy of 5 GHz will the IF fall 
below the negative zero crossing of the required 
channel, and the LO will be pulled one channel too 
far to the left. The total preset window is thus equal 
to the channel distance (10 GHz) and the required 
preset accuracy is minimal with 5 GHz. Locking to 
a different channel can in the receiver made in 
accordance with the present invention be easily 
monitored by looking at the channel identification 
or LO laser currents. 

From reading the present disclosure, other 
modifications will be apparent to persons skilled in 
the art. Such modifications may involve other fea- 
tures which are already known in the design, manu- 
facture and use of CMC receivers and component 
parts thereof and which may be used instead of or 
in addition to features already described herein. 
Although claims have been formulated in this ap- 
plication to particular combinations of features, it 
should be understood that the scope of the disclo- 



sure of the present application also includes any 
novel feature or any novel combination of features 
disclosed herein either explicitly or implicitly or any 
generalisation thereof, whether or not it relates to 

s the same invention as presently claimed in any 
claim and whether or not it mitigates any or all of 
the same technical problems as does the present 
invention. The applicants hereby give notice that 
new claims may be formulated to such features 

io and/or combinations of such features during the 
prosecution of the present application or of any 
further application derived therefrom. 

Claims 

75 

1. A method of channel selection in a coherent 
optical multichannel receiver in which when the 
receiver is out-of-lock its frequency detection 
characteristic is automatically offset so that it 

20 has only a single zero crossing in the desired 

direction and when it is in lock the offset is 
removed automatically. 

2, A coherent optical multichannel (CMC) receiver 
25 comprising a frequency detection circuit, 

characterised in that means are provided which 
are responsive to the detection of an out-of- 
lock situation for automatically offsetting the 
frequency detection characteristic of the re- 
30 ceiver so that it has only a single zero crossing 

in the desired direction and for automatically 
removing the offset when said out-of-lock situ- 
ation is not present. 

35 3. A CMC receiver as claimed in claim 2, charac- 
terised in that said means is adapted in re- 
sponse to detecting an out-of-lock situation to 
provide an offset voltage for offsetting the fre- 
quency detection characteristic of the receiver. 

40 

4. A CMC receiver as claimed in claim 2, charac- 
terised in that the frequency detection circuit is 
a dual path circuit, in that said means is adapt- 
ed in response to detecting an out-of-lock situ- 

45 ation to vary a property of one of the paths so 

that its response to noise is different and in 
that means are provided which are responsive 
to the difference for offsetting the frequency 
detection characteristic of the receiver. 

50 

5. A CMC receiver as claimed in claim 4, charac- 
terised in that each frequency detection path 
comprises a bandpass filter and a square law 
detector, in that when in lock the bandpass 

55 filters have substantially the same gains and 

pass bandwidths but are centred on different 
frequencies, and in that at least one of the 
bandpass filters includes means responsive to 
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the occurrence of an out-of-lock situation for 
altering a property of the bandpass filter so 
that there is a difference in the amplitude of 
the noise signal produced by the respective 
square law detectors. 5 

6. A CMC receiver as claimed in claim 5, charac- 
terised in that the at least one bandpass filter 
includes a frequency alterable element which 

in response to the detection of an out-of-lock 10 
situation alters the pass bandwidth of the filter 
relative to that of the other bandpass filter. 

7. A CMC receiver as claimed in claim 5, charac- 
terised in that the at least one bandpass filter 75 
includes a gain varying element which in re- 
sponse to the detection of an out-of-lock situ- 
ation alters the gain of the filter relative to that 

of the other bandpass filter, 

20 

8. A CMC receiver as claimed in claim 5, charac- 
terised in that subtractor means is coupled to 
outputs of the square law detectors and auto- 
matic gain control (AGC) signal deriving means 

is coupled to the subtractor means, in that 25 
each of the bandpass filters includes gain vary- 
ing means responsive to the AGC signal and in 
that voltage amplitude limiting means is con- 
nected in the AGC signal path to one of the 
bandpass filters. 30 



detection paths coupled to the output of the 
frequency down-converter, subtracting means 
having inputs connected to outputs of the re- 
spective detection paths, each signal detection 
path including a bandpass filter and a square- 
law detector, an output of the subtracting 
means being connected to data demodulating 
means and to an automatic frequency control 
(AFC) means for controlling the frequency of 
the local oscillator, characterised in that the 
AFC means includes means to detect the ab- 
sence of an IF signal, means responsive to the 
detection of the absence of an IF signal for 
altering a property of one of the bandpass 
filters in the signal detection paths so that 
when the receiver is out-of-lock a non-zero 
output is produced by the subtracting means, 
which non-zero output is used to offset posi- 
tively the AFC characteristic so that it has one 
zero crossing, said means also being respon- 
sive to the presence of an IF signal for remov- 
ing the alteration made to the property of the 
one of the bandpass filters. 

11, A frequency detector as claimed in any one of 
claims 2 to 10. 



9. A CMC receiver as claimed in claim 5, charac- 
terised in that subtractor means is coupled to 
outputs of the square law detectors, in that 
automatic gain control (AGC) signal deriving 35 
means and automatic frequency control (AFC) 
signal deriving means are coupled to an output 

of the subtractor means, and in that an out-of- 
lock detection means comprises first and sec- 
ond comparators and coincidence logic means 40 
coupled to outputs of the first and second 
comparators, whereby the AGC signal is com- 
pared with a threshold value in the first com- 
parator, which produces an output in response 
to the AGC signal exceeding the threshold 45 
value, the AFC signal is compared with a refer- 
ence value in the second comparator, which 
produces an output in response to the AFC 
signal exceeding the reference value, and the 
coincidence means produces an out-of-lock so 
signal in response to said outputs being pro- 
duced by the first and second comparators. 

10. A coherent optical multichannel receiver com- 
prising a frequency down-converter including a 55 
local oscillator comprising a laser for frequency 
down-converting a FSK signal to a respective 

one of two IF signals, first and second signal 
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© A coherent optical multichannel receiver includes 
a frequency down-conversion stage (10) having a 
laser local oscillator (12) for producing an IF signal 
which is applied to two frequency detection paths 
(26,28), the outputs from which are subtracted in a 
subtracter (30) to provide a data signal. AFC signal 
producing means (18,34) are also connected to the 
subtracter (30). In order to avoid a false lock occur- 
ring when the receiver is out-of-lock, detection 
means are provided for detecting an out-of-lock situ- 
ation. The detection means is coupled either to a 
bandpass filter (36 or 38) to alter a property of the 
bandpass filter when the receiver is out-of-lock so 
that the subtracter (30) provides a positive output 
which is used to offset the frequency detection char- 
acteristic so that it has a single positive zero cross- 
ing or to an offset voltage input V G f S in the AFC loop. 
The offset is removed automatically when the re- 



ceiver returns to a lock situation. 




Rank Xerox (UK) Business Services 

<3.08/3.5x/3.0.1» 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
tot 



EP 91203220.8 



CLASSIFICATION OF THE 
APPLICATION Oat- CK5) 



US - A - 4 460 250 
(FREYRE et al.) 

* Claim 1 * 

US - A - 4 802 149 
(MOORE) 

* Abstract; claim 1 * 

US — A - 3 937 942 
(BROMLEY et al* ) 

* Abstract; claims * 

US - A - 4 634 230 
(SPEZIO) 



1-11 



1-11 



1-11 



The present search report has been drawn up for all claims 



H 04 B 10/04 
H 04 B 10/06 



TECHNICAL FIELDS 
SEARCHED Ont. OS) 



G 01 J 9/00 

G 02 F 1/00 

G 06 G 7/00 

G 06 G 9/00 

H 04 B 10/00 



PI ice of cemti 

VIENNA 



Dite of axnplciHM of the scire* 

21-12-1992 



BLASL 



DC 

o 

tM. 

c 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant If taken alone 

Y : particularly relevant It combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : Intermediate document 



T : theory or principle underlying the Invention 
E : earlier patent document, not published on. or 

after the filing date 
D : document dted in the application 
L : document cited for other reasons . 



A : member of the same patent family, corresponding 
document 



